To understand the toxic mechanism and to find the changes in the endogenous metabolites of Aconitum soongaricum Stapf for clinical detection, a combination of 1 H NMR spectroscopy and multivariate statistical analysis was applied to examine the metabolic profiles of the blood serum samples collected from the rat model. In total, thirteen biomarkers of A. soongaricum were found and identified. It turned out that A. soongaricum treatment may partially disorder the metabolism. The study has shown the potential application of NMR-based metabolomic analysis in providing further insights into the toxicity caused by A. soongaricum.
Aconitum soongaricum Stapf, family Ranunculaceae, is well known for its anti-inflammatory and analgesic effect, and is widely used in the north of China as an analgesic for neuralgia, toothache, arthritis and other pains [1a-d] . However, as this plant contains Aconitum alkaloids, it has been reported that it has resulted in several poisoning accidents [2a,b] . To understand the toxic mechanism and to find the changes in endogenous metabolites for clinical detection, NMR based metabolomics was conducted to investigate the intervention effects of A. soongaricum on mice. Metabolomics analysis was carried out on serum samples, while orthogonal partial least squares-discriminant analysis (OPLS-DA) was employed to investigate the toxic effects of A. soongaricum and to detect related potential biomarkers [3a-c] .
In this study, rats were fed with A. soongaricum and the biochemical variations in the serum from these rats were investigated by high resolution 1 H NMR spectroscopy. This procedure has provided an insight into the systematic metabolism after use ofA. soongaricum. Results of this study have validated the applicability of NMR based metabolomics in the study of toxicity and biomarkers detection. In total, thirteen biomarkers were found and identified (Table 1 ). It turned out that A. soongaricum treatment may partially disorder the metabolism. Besides, NMR based metabolomics proved to be a powerful tool for investigating the pharmacodynamic effects of natural products and underlying mechanisms.
OPLS-DA analysis of endogenous metabolites in rat serum at different times after administration showed that there were significant differences in serum metabolites in each time group. It can be seen from the OPLS-DA analysis of different time groups that the 2d group is far away from the others in the space, but the 2d and 5d groupswere closer in the plane and space, while the 2d group can be separated completely from the 9d and 13d groups in the score plot. The 9 d and 13 d groups are gradually approaching the blank group, the results showing that the effects of A. soongaricum on rats occurred within two days after the administration, but then they gradually recovered. The variable metabolites in the serum of different time groups were VLDL, LDL, glucose, lactic acid, creatine, trimethylamine oxide, glycine, glutamic acid, alanine, β-hydroxybutyric acid, pyruvic acid and acetoacetic acid. The levels of glucose, glycine, and glutamic acid were decreased in the 2 d, 5 d and 9 d groups comparing with the blank group; these metabolites were obviously decreased in the day after administration, but were restored to normal levels in 13 d. The levels of VLDL, LDL and lactic acid were decreased 2 d after administration, but increased significantly in 9 d. The levels of creatine and trimethylamine oxide were increased compared with the blank group and trimethylamine oxide was obviously increased in 9 d. The levels of β-hydroxybutyric acid and acetoacetic acid NPC Natural Product Communications 2015 Vol. 10 No. 12 2165 -2167 2166 Natural Product Communications Vol. 10 (12) 2015 Zhang et al. 
Concentration compared with the blank group was not obvious; ↑ and ↓ concentration increase or decrease compared with the blank group; ↑ ↑ and ↓ ↓concentration increase or decrease compared with the blank group was significant.
were increased obviously in 2d and higher than the blank group, while levels of pyruvic acid were decreased in 9d compared with the blank group (Table 2) .
In this study, metabolomics have been used to highlight the metabolic effect of A. soongaricum treatment in the rat model. NMR based metabolomics has been shown to be an efficient technique to investigate the metabolic perturbation due to A. soongaricum poisoning. The changes in endogenous metabolites in serum samples from models of different groups of rats were identified by OPLS-DA. The toxicity of A. soongaricum was proven to be selective and affected a number of metabolic pathways. To complement the current study, future proteomic and immunohistochemistry studies may provide further insights into the metabolic mechanism and discover more effective treatments for toxicity detection. In summary, the current results indicate that 1 H NMR based metabolomics have the potential to uncover the metabolic response of A. soongaricum toxicity that could provide better understanding of the metabolic biomarkers.
Experimental
Plant material:The fresh roots of A. soongaricum were collected in Narat Grassland, Xinjiang Province of China in July 2012 and were identified by Prof. Fan Zhang (North Sichuan Medical University, Sichuan, P. R. China) [4a] . Avoucher specimen (ZGEWT20120801) was deposited at the Xinjiang Museum of Traditional Chinese Medicine and Ethnomedicine.
Animal handling and sample collection:
Sixty-six healthy SPF Sprague-Dawley rats (200±20g weight) were provided by North Sichuan Medical University. All rats were housed individually in metabolic cages. The animal room was maintained under controlled condition (a 12 h light-dark cycle with constant temperature and humidity). All efforts were made to minimize animal suffering. After acclimatization for one week, the rats were randomly separated into 11 groups, i.e. 2 h group, 6 h group, 2 d group, 3 d group, 5 d group, 7 d group, 9 d group, 11 d group, 13 d group, 14 d group and blank group (n=6). The blank group was given normal diet and clean water throughout the experiment, while the model groups were fed with the dose of 170 mg/kg, which was confirmed byacute toxicity test[4b] . After 2 h, 6 h, 2 d, 3 d, 5 d, 7 d, 9 d, 11 d,  13 d and14 d , respectively, the blood was drawn from orbit using a syringe and the blood was left to clot at room temperature for 30 min. Serum samples were centrifuged (12,000 rpm) for 15 min at 4°C to remove particulate contaminants and then stored at -80°C until further analysis. 
Sample preparation and 1 H NMR spectroscopy:
For 1 H NMR analysis, 500 μL of serum samples was mixed with 200 μL phosphate buffer solution (0.2M Na 2 HPO 4 /NaH 2 PO 4 , pH 7.4, 20% D 2 O) to reduce pH variation across samples. In addition, 1×10 -3 mol/L TSP (3-(trimethylsilyl)propionic-2,2,3,3-d4 acid sodium salt) was used as an internal reference standard at δ 0.0. The mixture was then transferred into a 5 mm NMR tube. The 1 H NMR measurements of the serum samples were performed using a Varian NMR system 600 MHz spectrometer equipped with a triple resonance probe. The experimental temperature was set to 298 K and the 90° pulse length was calibrated individually for each sample. For the serum samples, an additional Carr-Purcell-Meiboom-Gill (CPMG) spin-echo pulse train was incorporated into the NOESYPR sequence with a relaxation delay-90°-(τ-180°-τ) nacquire. A total of 128 scans with a spectral width of 10 kHz were collected for all NMR experiments. The acquired signals were zero filled to 32k before Fourier transformation. For data analysis, metabolites in the Metabolomic Responses to A. soongaricum rat serum 1 H NMR spectra were assigned with reference to published data and HMDB database (http://www.hmdb.ca/).
Data preprocessing of NMR spectra and pattern recognition:
The collected NMR spectra were phased and baseline corrected using the software Topspin 2.0 (Bruker, Germany)( Figure 1 ). All NMR spectra were also peak-aligned manually using in-house software to minimize variation due to peak shift. The chemical shift regions of δ 4.6-6.0 (water resonances), δ 0.0-0.2 (TSP resonance) and the regions which are peak-free for all spectra were excluded from further analysis. Table S1 shows the raw spectral data of serumsamples. Then each spectrum was binned into segments by adaptive binning method. To account for variations in sample concentration, the spectra were normalized using group aggregating normalization technique. The NMR spectral data were converted to Microsoft Excelformat and imported into SIMCA software (version 14.0, Umetrics, Sweden) for multivariate analysis.
NMR-based metabolomic analysis
Natural Product Communications Vol. 10 (12) 2015 2167 Orthogonal partial least squares discriminant analysis (OPLS-DA) is a regression method that uses binary variables Y to indicate class membership. The OPLS-DA projects the original variables X (metabolic concentrations) to latent variables that focus on class separation, thus obtaining a better classification. The quality of the models is described by R 2 X and Q 2 values. R 2 X is defined as the proportion of variance in the data explained by the models and indicates goodness of fit, and Q 2 is defined as the proportion of variance in the data predictable by the model and indicates predictability. The metabolites with high variable importance in the projection values in each OPLS-DA models are selected to investigatefurther their quantitative changes in all groups.
OPLS-DA of blood serum samples:
OPLS-DA analysis of blood serum samples showed that the samples clustered based on studied groups (Figure 1) . To investigate further the metabolic patterns and identify potential characteristic metabolites, group comparisons were carried out using OPLS-DA (Figures 2 and 3) .
Supplementary data: S1 Table. Raw spectral data of serum samples.
